Protective role of glucagon-like peptide-1 against glucosamine-induced cytotoxicity in pancreatic beta cells.
High doses of glucosamine have been known to induce apoptosis of pancreatic beta cells. The mechanism for this phenomenon has not been clearly elucidated. We aimed to explore the potential mechanisms for glucosamine toxicity in the rat insulinoma cell line INS-1 and in rat native beta cells. We also investigated whether glucagon-like peptide (GLP)-1 could be protective against glucosamine. Glucosamine exhibited dose-dependent inhibition of cell survival and an increase in the cell population at the sub-G1 phase. Glucosamine was revealed to inhibit cellular glucose uptake, resulting in the activation of AMP-activated protein kinase (AMPK). Accordingly, phosphorylation of P70S6K and ribosomal protein S6 (S6RP) was decreased. Protein glycosylation appeared not to be involved in this cytotoxicity. Pretreatment with GLP-1 alleviated glucosamine-mediated inhibition of glucose uptake and lessened AMPK activation, thus allowing recovery of the phosphorylation levels of P70S6K and S6RP. The effect of GLP-1 was blocked by the adenylyl cyclase inhibitor MDL12330A but not by the protein kinase A inhibitor H89. Taken together, these data demonstrate that glucosamine may inhibit beta-cell survival by diminishing cellular glucose uptake independent of glycosylation. This glucosamine toxicity can be blocked by GLP-1, which leads to recovery of the glucose uptake through a PKA-independent, cAMP-dependent mechanism.